Background. Delafloxacin is an oral or intravenous (IV) antibiotic indicated for the treatment of acute bacterial skin and skin structure infections (ABSSSI), including both gram-positive (including methicillin-resistant Staphylococcus aureus [MRSA]) and gram-negative organisms. Chemically distinct from other quinolones, delafloxacin exhibits enhanced potency, particularly against gram-positive pathogens. The integration of efficacy data across the Phase III ABSSSI studies is presented here and allows for additional examination of results across subgroups.
Acute bacterial skin and skin structure infections (ABSSSI) are among the most common bacterial infections and are also common reasons for hospitalization [1] [2] [3] [4] [5] [6] . Accounting for 6.3 million physician visits per year, the cost of treating these serious infections is substantial, particularly in patients who are hospitalized [7] [8] [9] [10] .
The clinical manifestations of skin infections vary considerably and range from uncomplicated, superficial infections to limb-or life-threatening infections. ABSSSIs include infected ulcers or burns, major abscesses, wounds, surgical site infections, and extensive cellulitis [11] . These infections may be further complicated by the presence of diabetes mellitus, chronic kidney disease, or peripheral arterial disease [11, 12] . While overall mortality rates are relatively low, at 10%, ABSSSIs are the third most frequent cause of severe sepsis or septic shock, after pneumonia (55-60%) and intra-abdominal infections (25%), and impact both clinical and economic outcomes [1, 13] .
The etiologies of ABSSSI are diverse and depend on a number of factors, including the epidemiological setting (community, hospital, long-term care setting, etc.), the site of infection, and patient risk factors [14, 15] . While the most frequent causative pathogens are the gram-positive bacteria, gram-negative bacteria can also play an important role. Among patients hospitalized with serious skin infections, monomicrobial gram-negative infections have been reported at a rate of 12.8% and mixed infections (both gram-positive and gram-negative) have been observed in 10.6% to 20.5% [7, 16] . The risk of inappropriate antimicrobial therapy has been shown to increase in skin infections when gram-negative and mixed cultures are present [7, 16] . Further compounding the challenge clinicians face is the fact that risk stratification for the purpose of identifying a likely pathogen and targeting antibiotic therapy to that pathogen is unreliable, as few organism-specific risk factors have been identified [17] . Therefore, most antibiotics must be given empirically and, in fact, initial empiric treatment without documented microbiology is given in up to 88.8% of patients [18] . The failure to provide appropriate initial antibiotic therapy in cSSTI has been shown to increase not only the cost of treatment, but also the risk of mortality [19] [20] [21] .
Delafloxacin
Structural changes made over time to the core quinolone molecule have resulted in fluoroquinolones with improved pharmacokinetic/pharmacodynamic properties, broad-spectrum activity, and efficacy against both gram-positive and gram-negative pathogens [22] [23] [24] [25] . However, with extensive use and overuse of fluoroquinolones in both human and veterinary medicine, the number of quinolone-resistant bacterial strains has grown, and clinical use has become increasingly limited [23] .
The anionic fluoroquinolone delafloxacin has been recently approved by the Food and Drug Administration (FDA) for the oral or intravenous treatment of ABSSSI caused by susceptible bacteria, including gram-positive, methicillin-resistant Staphylococcus aureus (MRSA), and gram-negative organisms. Delafloxacin targets both DNA gyrase and topoisomerase through intravenous (IV) administration, but is chemically distinct from other quinolones in size, shape, and its anionic versus zwitterionic charge profile. These differences result in an agent with enhanced potency, particularly against gram-positive pathogens [26] . Delafloxacin has demonstrated greater in vitro potency than levofloxacin against most gram-positive pathogens, including retaining activity in many levofloxacin-non-susceptible isolates (Table 1) . Notably, delafloxacin has been shown to be 32-fold more active than levofloxacin against MRSA isolates [27] , and is active both in vitro and in clinical infections against most isolates of E. coli, K. pneumoniae, E. cloacae, and P. aeruginosa, with activity similar to ciprofloxacin. Its anionic structure enhances its potency in acidic environments, which are typical of sites of infection, including skin and soft tissue infections caused by S. aureus [28] .
In total, 23 Phase I studies enrolled 1071 subjects, with 919 receiving delafloxacin, and, in part, established a recommended dosing regimen of delafloxacin at 300 mg IV solution every 12 hours and 450 mg oral tablet BID. The 450 mg tablet and 300 mg IV lyophilized formulations are bioequivalent with regard to total exposure, measured by the area under the curve (AUC). The relevant measure for delafloxacin efficacy is AUC/ MIC: therefore, switching between these 2 formulations is feasible. The Phase II trial program included 2 randomized, double-blind studies that demonstrated that delafloxacin is well tolerated and clinically efficacious compared with tigecycline, linezolid, and vancomycin [28, 29] (Table 2) .
The results from 2 Phase III ABSSSI studies support the efficacy of delafloxacin in this indication (Study 302 and Study 303) [26, 30] . The integration of data across the studies presented here provides evidence for the effectiveness of IV and oral delafloxacin and allows for the examination of efficacy results by subgroups in patients being treated for ABSSSI.
METHODS
The integrated results of the Phase III, multicenter, randomized, double-blind, active-controlled PROCEED (PROve Clinical Efficacy and Effect of Delafloxacin) studies are presented here. Designed in accordance with both the 2013 FDA guidelines for ABSSSI and the current European Medicines Agency guidelines, these trials randomized subjects 1:1 to receive delafloxacin monotherapy or vancomycin plus aztreonam [26, 30] (Table  2 ). The 2 studies were essentially identical in design. Subjects in the vancomycin arm received 15 mg/kg based upon actual body weight, plus 1-2 g of aztreonam every 12 hours. Delafloxacin was dosed at 300 mg IV every 12 hours in Study 302; dosing in Study 303 was 300 mg IV every 12 hours for 3 days, with a mandatory, blinded switch to delafloxacin at 450 mg orally every 12 hours. The IV and oral formulations are bioequivalent with regard to total exposure (AUC): thus, outcomes were combined. Both studies were stratified by infection type, and Study 303 was also stratified by body mass index (BMI; ≥30 kg/m 2 ), based on signals seen in both a Phase II study and Study 302 that showed a potential efficacy benefit in obese patients [29] . The Phase III studies included adult male and female patients (≥18 years of age) with a diagnosis of ABSSSI. At baseline, those enrolled in the studies were required to have a minimum ABSSSI lesion of 75 cm 2 and at least 2 systemic manifestations of infection. Prior antibiotic use was limited to 25% of the enrolled patients, as specified in the 2013 FDA guidelines. Subjects with a weight greater than 140 kg (309 lbs) or with severe renal impairment were excluded from Study 302, while Study 303 allowed subjects who weighed up to 200 kg (441 lbs). Other enrollment criteria were similar between the 2 studies and full inclusion/exclusion criteria have been published elsewhere [26, 30] . The primary study endpoint was objective response (OR), defined as a ≥20% reduction of the ABSSSI lesion spread of Investigator assessment of response of signs and symptoms of infection at the FU and LFU visits.
Cure was the primary analysis.
Investigator assessment of response of signs and symptoms of infection at the FU and LFU visits. Cure was the primary analysis.
Abbreviations: ABSSSI, acute bacterial skin and skin structure infections; BMI, body mass index; EOT, end of treatment; FU, follow-up; IV, intravenous; LFU, late follow-up; NA, not available; OR, objective response; TOC, test of cure.
erythema area, as determined by digital planimetry at the primary infection site at 48 to 72 hours (±2 hours) in the absence of clinical failure. Investigator-assessed response, based on the resolution of signs and symptoms at follow-up (FU; Day 14 ± 1) and late follow-up (LFU; Day 21-28) were secondary endpoints. The investigator response was categorized as cure (complete resolution) or success (cure plus improved and no further antibiotic needed). A 2-sided 95% confidence interval [CI] for non-inferiority testing was computed based on the difference in sample responder rates for vancomycin + aztreonam and delafloxacin using Miettinen and Nurminen methodology stratified by studies. Microbiological response was defined as either documented eradicated (baseline pathogen absent in follow-up cultures); presumed eradicated (no follow-up material available for culture, but patient had a clinical response of success); documented persisted (baseline pathogen present in follow-up cultures); or presumed persisted (no follow-up material available for culture, but patient had a clinical response of failure).
Subgroup analyses were performed for OR and summarized across both studies. Subgroups assessed included age, sex, race, geographic region, ethnicity, presence of diabetes, baseline infection type, prior antibiotic use, bacteremia at baseline, quartiles of baseline erythema area, surgical procedure up to 72 hours from the first dose, and target pathogen. These subgroup analyses were performed in the intent-to-treat (ITT; all patients randomized) and clinically evaluable (CE; patients who completed activities as defined in the protocol) analysis sets, except the subgroup by target pathogens, which were performed in the microbiological ITT (MITT; all patients in the ITT analysis set that had bacterial pathogens known to cause ABSSSI at baseline) and microbiologically evaluable (ME; MITT population who met the criteria established for the CE analysis set) analysis sets. Analyses of investigator-assessed outcomes at FU and LFU in the ITT and CE analysis sets in subgroups, based on the BMI, presence of diabetes, or presence of renal impairment, were also included.
RESULTS
There were 1510 patients randomized (ITT population) and integrated into the pooled data, including 754 patients in the delafloxacin group and 756 in the vancomycin/aztreonam group. A total of 1042 patients had an identified baseline pathogen known to cause ABSSSIs (MITT population). Overall, no differences in patient demographics, baseline characteristics, infection type, symptoms, or baseline lesion surface areas were observed between the treatment groups (Table 3) .
Objective Response
An analysis of the primary endpoint of OR at 48-72 hours after initiation of therapy showed delafloxacin to be noninferior to vancomycin/aztreonam in both pivotal studies, as well as in the combined dataset. In Study 302, the percentages of responders were 78.2% and 80.9% for delafloxacin and vancomycin/aztreonam, respectively (mean treatment difference -2.6, 95% CI -8.78 to 3.57). In Study 303, the response rates were 83.7% and 80.6% for delafloxacin and vancomycin/ aztreonam, respectively (mean treatment difference 3.1%, 95% CI -2.0 to 8.3). In the combined dataset, response rates were 81.3% in the delafloxacin arm and 80.7% in the vancomycin/aztreonam arm (mean treatment difference 0.8, 95% CI -3.2 to 4.7; Figure 1) . Results for objective response in the defined subgroups showed delafloxacin to be comparable to vancomycin/aztreonam across all subgroups, including those compared by age, gender, race, geographic region, ethnicity, presence of diabetes, baseline infection type, prior antibiotic use, bacteremia at baseline, baseline erythema area, target pathogen, geographic region, and surgical procedure up to 72 hours from first dose (Table 4) . 
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Investigator-assessed Response
Secondary outcomes included the investigator-assessed response of signs and symptoms of infection at FU in the ITT population. Results for each of the 2 pivotal Phase III studies were similar, where Study 302 used delafloxacin IV only and Study 303 required a switch from IV to oral dosing. Combined, for the ITT analysis set in the pooled data, the proportion of patients who were cured at the FU visit was similar between the 2 treatment groups. In the delafloxacin treatment group, 416 of 754 patients (55.2%) were classified as cured at the FU visit. In the vancomycin/aztreonam treatment group, 421 of 756 patients (55.7%) were classified as cured. Clinical success (cure + improved) occurred in 84.7% of the delafloxacin group and 84.1% in the vancomycin/aztreonam group at the FU visit. Similar results were observed at the LFU visit. Delafloxacin was comparable to vancomycin/aztreonam for these outcomes in the MITT, CE, and ME analysis sets (Figure 1 ). Analyses of investigator-assessed outcomes at FU and LFU were completed in the ITT and CE analysis sets, in subgroups based on the BMI, presence of diabetes, or presence of renal impairment. Results were similar to those observed in the larger populations and were similar between treatment groups (Figure 2 ).
Microbiological Response
In the pooled ME analysis set, 401 of 410 patients (97.8%) in the delafloxacin treatment group had a microbiological response of Results are based on data closest to and through 72 hours within a window of 48-72 hours (+/-2 hour window for each visit). a N1 = number of intent-to-treat patients in each subgroup. Only subjects with baseline erythema area information were included. Baseline erythema size is defined as area of erythema from the digital planimetry prior/closest to first dose. The total baseline erythema size is divided into quartiles, with quartile 1 0-25%, quartile 2 > 25-50%, quartile 3 > 50-75%, and quartile 4 > 75-100%. Quartiles were calculated for individual studies and pool analysis respectively.
aztreonam treatment groups at the FU and LFU visits for the ME analysis set (Table 5 ).
Monomicrobial and Polymicrobial Infections
When the microbiologic responses at FU for target pathogens by monomicrobial status were examined, response rates for delafloxacin and vancomycin/aztreonam, respectively, were 97.4% and 98.1% (mean treatment difference -0.8, 95% CI -3.9 to 2.3) for gram-positive and 93.8% and 96.2% (mean treatment difference -5.1, 95% CI -26.3 to 16.1) for gram-negative pathogens. When the microbiologic response at FU for target pathogens by mixed gram-positive and gram-negative polymicrobial status were examined, response rates for delafloxacin and vancomycin/aztreonam were 100% and 98.1% (mean treatment difference 2.4, 95% CI -7.0 to 11.8), respectively, for all target pathogens.
Safety
Delafloxacin was well tolerated at the 300 mg IV and 450 mg oral doses in adult patients with ABSSSI. The most commonly reported adverse events for delafloxacin in clinical studies have been diarrhea, nausea, vomiting, and headaches. The rate of adverse events commonly associated with fluoroquinolones does not appear to be increased with delafloxacin and, generally, occurred less frequently among delafloxacin-treated patients than in comparator groups. The safety of delafloxacin is addressed more completely in a separate safety paper in this supplement.
DISCUSSION
Delafloxacin is both structurally and clinically different from other fluoroquinolones. Chemically distinct in its size, shape, and charge profile, its anionic structure has been shown to improve potency, particularly against gram-positive pathogens, in acidic environments typical of ABSSSI [31, 32] . Clinically, it is indicated for the treatment of adult patients with ABSSSI from both gram-positive and gram-negative infections, is the only fluoroquinolone to have an indication for MRSA, and is available in both IV and oral formulations. The delafloxacin ABSSSI Phase III program consisted of 2 randomized, double-blind, controlled, Phase III studies using delafloxacin at 300 mg IV/450 mg orally Q12 h fixed-dose monotherapy, compared to the IV combination of vancomycin/aztreonam. These studies had near identical designs and methodologies and were well balanced between the treatment groups, based on baseline stratification factors and enrollment criteria, regardless of type of infection, age, gender, race, BMI, lesion size, and severity of illness. Overall, IV/oral delafloxacin fixed-dose monotherapy was comparable to IV vancomycin/ aztreonam combination therapy in each Phase III study, as well as in the pooled analysis, regardless of endpoint or analysis population.
The types of patients enrolled in the delafloxacin clinical program mirror the challenging ABSSSI patient types that clinicians treat today. Even as overall hospitalizations for SSSI have increased over the years, admission for patients with no comorbidities decreased 37% between 2005 and 2011 [33] . At the same time, lengths of stay have decreased [34] . Patients are released from the hospital to receive IV antibiotics at home or in an outpatient infusion center, or are transitioned to oral therapy. Overall, in the ITT analysis set, 10.9% of patients had diabetes, 29.0% had vascular disease, and 9.7% had cardiac disease. Further, 196 patients were >65 years of age, including 83 patients who were >75 years. A total of 244 patients had renal impairment (creatinine clearance <90 ml/min, calculated by Cockcroft-Gault formula). These types of patients may benefit from the IV to oral formulation that delafloxacin offers.
Approximately 40% of those enrolled were obese patients, which make up a population that acts as natural aggregators of comorbidities. The association between obesity and infectious disease risk factors, such as wound complications, surgical-site infections, and recurrence of skin infections due to MRSA, have been noted. Obesity is also a predictor of poor outcomes, including increased treatment costs, and obese patients have higher rates of ABSSSI-related 30-day readmission than nonobese patients [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . The analysis of outcome data by BMI is particularly important, as the management and treatment of infections in obese patients pose additional challenges to physicians and pharmacists [41] . Delafloxacin, administered at the standard dose of 300 mg every 12 hours IV and oral delafloxacin 450 mg every 12 hours, was found to be non-inferior to vancomycin/aztreonam, with vancomycin dosed to 15 mg/kg based upon actual body weight, and to provide good outcomes in obese patients (BMI ≥ 30 kg/m 2 ), potentially simplifying dosing in this patient population. In contrast to vancomycin, delafloxacin does not require weight-based doing or drug monitoring. Especially in complicated patient populations, clinicians must be attuned to those specific patient risk factors that lead to the consideration of gram-negative coverage. These risk factors include comorbidities, such as diabetes, surgical site infections, compromised vascular perfusion, and anal and perianal region infections, and severity of illness, as well as the local antibiogram [16, 19, 38] . Compared with patients infected with gram-positive pathogens, those with mixed or gram-negative infections have longer lengths of stay, greater mortality, and higher total costs. 34.21 Currently, there is no reliable method for determining the causative pathogen at the time antibiotics are initiated and therapy must be empiric until cultures determine the species and its resistance profile [17] . In these situations, antibiotics whose spectrum of activity is limited to gram-positive pathogens must be used in combination with compounds that provide coverage for gram-negative pathogens [43] . The overall response rates for delafloxacin for subjects with pathogens in monomicrobial gram-positive, monomicrobial gram-negative, polymicrobial gram-positive, and polymicrobial gram-negative infections in the pooled data were high. These findings are consistent with the broad spectrum of activity for delafloxacin, allowing for a monotherapy option for the treatment of ABSSSI in these patient types. The rise of resistance to fluoroquinolones has recently limited their use. Delafloxacin has been shown to be 32-fold more active than levofloxacin against MRSA isolates, including levofloxacin-resistant strains. This increased potency is thought to be due to its structure-activity relationship, with a large N-1 substitution and weakly polar C-8 group that impacts the potency against quinolone-resistant gram-positive bacteria. Further, the basicity at C-7 increases potency at acidic environments typical of ABSSSIs. Delafloxacin has also demonstrated a low propensity for the development of resistance in MRSA strains, with frequency rates ranging from 10 -9 to 10 -11
. In the ME at FU for the 2 global Phase III studies, S. aureus islolates were eradicated or presumed eradicated in 98.4% (245/249) of delafloxacin-treated patients. Similar eradications rates were observed with levofloxacin-non-susceptible S. aureus isolates (80/81; 98.8%) and MRSA isolates (70/71; 98.6%). 27 Regardless, basic stewardship principles should be applied to the use of any antibiotic.
Limitations to the studies that were pooled for this analysis include a low number of burn and surgical wounds, as well as a low number of gram-negative infections, limited by use of the current ABSSSI definition. By excluding some infections that are more likely to be caused by gram-negative pathogens, such as those following animal or human bites, diabetic foot infections, and decubitis ulcers, the definition favors the enrollment of gram-positive infections in studies. Another limitation is that the rate of patients with diabetes enrolled in the study was lower than that of the general population. Due to limitations on vancomycin dosing and infusion time and, thus, blinding, patient weight was limited to a maximum of 140 kg in Study 302 and 200 kg in Study 303. Finally, relative to the general population, the number of older adults and non-Whites were lower.
CONCLUSION
Ultimately, new culture techniques and point-of-care diagnostics may be able to better target antibiotic therapy but, at this point, initial empiric therapy remains the standard of care for ABSSSI [17] . Particularly in sicker patients, where a delay in broad-spectrum coverage could lead to poor outcomes, clinicians must use an individualized approach to each patient, based upon comorbidities and risk factors, in establishing the optimal antimicrobial treatment regimen. Culture and susceptibility testing should be used to attempt to identify the pathogens, thus allowing for appropriate de-escalation of antibiotic therapy based on antibiotic stewardship standards.
Delafloxacin possesses gram-positive/MRSA and gram-negative activity, thus providing coverage for the most important ABSSSI pathogens. It offers the flexibility of fixed-dose IV and oral treatment of ABSSSI, and does not require therapeutic drug monitoring. These features, in concert with its favorable safety profile, support delafloxacin as an option in the ABSSSI armamentarium.
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